NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  cr  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 
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I*  SUMMARY 

A  materials  testing  program  was  conducted  to  evaluate  the  important 
mechanical  properties  of  ReneT  hi  alloy  sheet.  Two  thicknesses  of  sheet  (0.010 
and  0.050  inch)  were  used  throughout  the  program.  In  addition,  several  tests 
were  conducted  using  two  different  solution  heat  treatments  (2150°F  versus  1950°^) 
to  determine  their  effect  on  mechanical  properties . 

Tensile  properties  were  investigated  from  room  temperature  to  2000°F. 
Strain  rate  sensitivity  of  tensile  properties  was  also  investigated.  Creep  and 
rupture  properties  at  temperatures  from  1400°  to  l800°F  were  determined  for  short 
times  of  1  to  1000  seconds  and  for  longer  times  of  10  to  100  hours. 

II.  INTRODUCTION 

Rene1  hi  alloy  sheet  has  received  extensive  interest  and  usage  from 
the  aerospace  industries  because  of  its  excellent  combination  of  mechanical  proper 
ties,  oxidation  resistance,  and  reasonable  ease  of  fabrication.  This  test  program 
was  initiated  because  several  specialized  mechanical  properties  that  could  not  be 
obtained  from  vendor  literature  were  required  by  Marquardt  designers,  for  example, 
the  strain  rate  sensitivity  of  tensile  properties.  Therefore,  a  program  was  ini¬ 
tiated  for  testing  the  two  most  widely  used  thicknesses  of  Rene*  41  sheet:  0.010 
and  0.050  inch.  An  additional  reason  for  selecting  these  two  thicknesses  was  that 
previous  work  on  superalloys  had  shown  Important  differences  in  mechanical  proper¬ 
ties  between  these  thicknesses. 

Two  vend or -re commended  heat  treatments  for  Rene*  4l  alloy  sheet  exist 
wnfi  j  \ lu  maximum  crc^u  properties  (215^°p  qnln+’nn  «nneal)  and  another  for 
maximum  elevated  temperature  -tensile  properties  (1950°F  solution  anneal).  Bu lh 
heat  treatments  were  investigated  for  the  two  thicknesses  of  material  utilized  in 
the  program. 

Ill  -  OBJECTIVES 

A.  Tensile  Properties 


Tensile  properties  were  determined  at  selected  temperatures  ranging 
from  room  temperature  to  2000°F  on  two  thicknesses  of  Rene'  41  alloy  sheet  and  for 
two  different  solution  heat  treatment  temperatures.  The  effect  of  various  tensile 
test  strain  rates  on  room  and  elevated  temperature  tensile  properties  was  deter¬ 
mined  . 


B.  Creep  Properties 

The  l600°,  1800°,  and  2000°F  creep  and  rupture  data  were  determined 
for  0. 050-inch  thick  Rene1  4l  alloy  sheet  solution  annealed  at  1950°F.  The  1400°, 
l600°,  1700°,  and  l800°F  creep  and  rupture  data  were  determined  on  0.050-inch 
Rene*  4l  alloy  sheet  solution  annealed  at  2150°F. 
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IV*  MATERIAL  MD  HEAT  TREATMENTS 

The  chemical  analyses  of  the  three  heats  of  Rene1  41  alloy  sheet  used 

in  this  investigation  are  listed  in  Table  I,  Table  I  also  contains  the  allowable 

ranges  for  chemical  composition  of  Rene’  4l  alloy  sheet  from  the  General  Electric 
Company  specification.  All  heats  of  material  used  in  this  investigation  met  the 
specification.  The  heat  treatments  recommended  by  the  General  Electric  Company 
are  listed  in  Table  II,  along  with  the  material  heat  numbers,  thicknesses,  and 
heat  treatments  used  in  this  investigation. 

V.  EXPERIMENTAL  PROCEDURES  AM)  RESULTS 

A.  Tensile  Properties 

The  tensile  specimens  which  were  used  had  a  0.500-inch  width  of  re¬ 
duced  section  and  a  2-inch  gage  length.  All  room  and  elevated  temperature  tensile 
tests  were  conducted  on  the  Marquardt  TM-1  elevated  temperature  test  machine. 

Figure  1  is  a  photograph  of  this  machine  and  its  peripheral  equipment.  Elevated 
temperatures  are  obtained  on  this  machine  by  resistance  heating  of  the  specimen. 
Three  pairs  of  56  gage  wire  thermocouples  are  welded  to  the  specimen.  One  thermo¬ 
couple  is  used  for  electronic  feedback  control  of  the  temperature  and  the  other 
two  thermocouples  are  used  to  check  and  record  the  thermal  gradient  along  the  2- 
inch  gage  length.  Strain  rates  are  electronically  controlled  with  feedback  from 
the  linear  transducer  of  the  extensometer . 

The  results  of  tensile  tests  from  room  temperature  to  2000°F  on  0.010 
and  0.050-inch  thick  Rene1  41  alloy  sheet  for  three  different  strain  rates  are  re~ 
wvr»4  uA  in  TTT  t.hrniuh  Tx  *  Table  X  contains  a  comparison  of  yield  strength 

with  strain  rate.  Stress -strain  curves  to  oeyono  u.2#  yield  strengtn  ior  tempera¬ 
tures  from  room  temperature  to  2000°F  are  presented  in  Figures  2  through  4.  The 
variation  of  proportional  limit,  0.2#  yield  strength,  and  ultimate  tensile  strength 
with  strain  rate  and  temperature  are  presented  in  Figures  5  through  7>  respectively. 
Figure  8  illustrates  the  variation  of  ultimate  tensile  strength  with  temperature 
and  for  both  thicknesses  and  heat  treatments  used  in  this  investigation. 

B.  Creep  Properties 

The  results  of  creep  tests  at  1400°,  l600°,  l800°  and  2000°F  for  two 
heat  treatments  on  0.050-inch  thick  Rene1  41  alloy  sheet  are  tabulated  in  Tables 
XI  through  XIV.  These  results  are  shown  graphically  in  Figures  9  through  15. 

VI.  DISCUSSION 


A.  Tensile  Properties 

For  0.050  inch  thick  Renef  4l  alloy  sheet  solution  heat  treated 
at  1950°F,  the  proportional  limit  and  yield  strength  become  strain  rate  sensitive 
above  1200°F.  For  0.010  and  0.050-inch  Rene*  4l  alloy  sheet  given  a  solution  heat 
treatment  at  2150C>F,  the  strain  rate  sensitivity  of  proportional  limit  and  yield 
strength  does  not  begin  until  l400°F.  For  0.050-inch  Rene'  4l  alloy  sheet,  the 
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tensile  strength  becomes  strain  rate  sensitive  above  lh50°F.  At  temperatures  in 
the  1500°F  to  2000°F  range,  very  severe  drops  in  strength  can  result  from  using 
slow  strain  rates.  For  example,  the  yield  strength  of  0.050-inch  Rene*  hi  alloy 
sheet  solution  heat  treated  at  1950°F  is  107*5  Ksi  at  l600°F  using  a  0.1  in. /in./ 
sec  strain  rate.  With  a  0*00001  in. /in. /sec  strain  rate,  the  yield  strength  drops 
to  56.0  Ksi.  Other  comparisons  of  strain  rate  sensitivity  are  given  in  Table  X. 

As  expected,  the  1950°F  solution  heat  treat  temperature  gives  the  0.050-inch 
material  superior  ultimate  tensile  strength  at  all  temperatures,  as  compared  to  a 
2150°F  solution  heat  treat  temperature.  The  ultimate  tensile  strength  of  0.010- 
inch  thick  Rene1  hi  alloy  sheet  solution  annealed  at  2150°F  is  decidedly  inferior 
to  that  of  the  0.050-inch  material  for  the  same  heat  treatment.  This  behavior  is 
illustrated  in  Figure  8. 
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TABLE  I 

CHEMICAL  COMPOSITION  OF  THREE  HEATS  OF  RENE'  41  ALLOY 

Heat 

Number  (Haynes) 

General  Electric 

Element 

TV70T 

TV353 

TV716 

Co.  Specification 

0.010  in. 

:  0.050  in. 

O.O5O  in. 

B50T59B 

Cr 

19.22# 

19.25# 

19-05# 

18.00  to  20.00# 

Co 

10.98 

11.20 

10.62 

10.00  to  12.00 

Mo 

10.05 

9.85 

10.18 

9.00  to  10.50 

A1 

1.45 

1.49 

1.44 

1.40  to  1.60 

Ti 

5.05 

3.15 

3.12 

3-00  to  3.30 

Fe 

1.44 

0.67 

1.48 

5.00  max. 

C 

0.08 

0.09 

0.09 

0.12  max. 

Si 

0.28 

0.14 

0.29 

0.50  max. 

S 

0.007 

0.005 

0.007 

0.015  max. 

*  r  1 

jyui 

0  1 

\J  «  ox 

1 

!  0  r\n  1 

V  •  VI. 

r\  r\'z 

V*  •  vy  y 

0.10  max. 

B 

0.005 

0.005 

0.005 

0.003  to  0.010 

Ni 

Balance 

Balance 

Balance 

Balance 
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TABLE  II 

HEAT  TREATMENTS  OF  THREE  HEATS  OF  RENE'  41  ALLOY 
(All  heat  treatments  were  preceded  by  a  mill  anneal  at  1975°F,  RC) 


Heat  Number 
(Haynes) 

Thickness 

TV707 

0.010  in. 

TV353 

0.050 

TV716 

0.050 

General  Electric  Co. 

.  Specification 

B50T59C 

V 

B50T591 

) 

Solution  Treatment 


2150°F  (1/2  hr)  AC 
1950°F  (1/2  hr)  RAC 
2150°F  (1/2  hr)  RAC 


1950°F  (1/2  hr)  AC 
2150°F  (1/2  hr)  AC 


Aging 


l650°F  (4  hrs) 
l400°F  (16  hrs) 
1650°?  (4  hrs) 


1400°F  (16  hrs) 
1650 °F  (4  hrs) 
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TABLE  III 

SHORT-TIME  TENSILE  TEST  RESULTS 
ON  RENE'  41  ALLOY  SHEET  AT  A  SLOW  STRAIN  RATE 


Thickness  =  0.050  in. 

Heat  Treatment  =  2150°F  (l/2  hr)  RAC  + 
1650 °F  (4  hrs) 

Heat  Number  =  TV716  (Haynes) 


Machine  =  ETTM 

Method  of  Heating  =  Resistance 

Heating  Rate  =  200°F/sec 

Hold  Time  =  5  min 

Strain  Rate  =  0.00001  in. /in. /sec  to  YS 

0.01  in. /in. /sec  to  Rupture 
Gage  Length  =  2.0  in. 


Specimen 

No. 


Proportional 
Limit 
Ksi 


Modulus 

of 

Elasticity 


32  x  106  psi 
32 
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TABLE  IV 

SHORT-TIME  TENSILE  TEST  RESULTS 
ON  RENE'  41  ALLOY  SHEET  AT  A  SLOW  STRAIN  RATE 


Thickness  =  0.050  in.  Machine  =  ETTM 

Heat  Treatment  =  1975 °F  (l/2  hr)  RAC  +  Method  of  Heating  =  Resistance 

1400°F  (16  hrs)  Heating  Rate  =  200°F/sec 

Heat  Number  =  TV353  (Haynes)  Hold  Time  -  2  min 

Strain  Rate  =  0.00001  in. /in. /sec  to  YS 

0.01  in. /in. /sec  to  Rupture 
Gage  Length  =  2.0  in. 


Specimen 

No. 

Test 

Temperature 

(°F) 

Proportional 

Limit 

(Ksi) 

0.2# 

Yield 

Strength 

(Ksi) 

Ultimate 

Tensile 

Strength 

(Ksi) 

Elongation 

(*) 

Modulus 

of 

Elasticity 

938a 

RT 

132.0 

151.0 

182.0 

11 

zr 

29.0  x  10  psi 

939A 

RT 

131.0 

148.0 

179*0 

10 

29.O 

940A 

RT 

126.0 

150.0 

184.0 

12 

30.0 

RT 

129.0 

148.0 

184.0 

12 

30.5 

96oa 

800 

120.0 

133.0 

169.O 

18 

25.0 

961A 

800 

123.0 

138.0 

I65.O 

15 

26.0 

962  a 

* 

1200 

109.0 

130.0 

161.0 

15 

25.0 

963A 

1200 

107.0 

132.0 

166.0 

17 

24.0 

964a 

1200 

110.0 

129.O 

163.0 

20 

24.0 

928A 

1600 

40.0 

67.5 

106.5 

6.5 

18.0 

929A 

1600 

36.0 

54.7 

110.5 

7-5 

16.0 

930A 

1600 

30.0 

49.0 

104.7 

6.5 

17.0 

931A 

1800 

10.1 

14.7 

42.5 

17 

12.5 

945A 

1800 

6.0 

14.0 

40.5 

21 

12.0 

9T0A 

2000 

2.2 

13.2 

32 

6.5 

97 1A 

2000 

-- 

2.4 

15.6 

44 

7-0 

972A 

2000 

3-2 

16.4 

28 

5.5 
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TABLE  V 

SHORT-TIME  TENSILE  TEST  RESULTS 
ON  RENE’  41  ALLOY  SHEET  AT  A  SLOW  STRAIN  RATE 


Thickness  =  O.OIO  in. 

Heat  Treatment  =  2150°F  (l/2  hr)  AC  + 
1650 °F  (4  hrs) 

Heat  Number  =  TV707  (Haynes) 


Machine  =  ETTM 

Method  of  Heating  =  Resistance 

Heating  Rate  =  200°F/sec 

Hold  Time  =  5  min 

Strain  Rate  =  0.00001. in. /in. /sec  to  YS 

0.01  in. /in. /sec  to  Rupture 
Gage  Length  =  2.0  in. 


Spec imen 
No. 


Modulus 

of 

Elasticity 


119.5 

121.8 


29.2  x  10  psi 
29.6 


112.0 

llJ.O 

109.9 

107.0 

103-9 

102.0 

103.0 

104.0 
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TABLE  VI 

SHORT-TIME  TENSILE  TEST  RESULTS 
ON  RENE’  41  ALLOY  SHEET  AT  AN  INTERMEDIATE  STRAIN  RATE 


Thickness  =  0.050  in.  Machine  =  ETTM 

Heat  Treatment  =  2150°F  (l/2  hr)  RAC  +  Method  of  Heating  =  Resistance 

l650°F  (4  hrs)  Heating  Rate  =  200°F/sec 

Heat  Number  =  TV716  (Haynes)  Hold  Time  =  5  min 

Strain  Rate  =  0.001  in. /in. /sec  to  YS 

0.01  in. /in. /sec  to  Rupture 


Gage  Length 

~  2.0  in 

* 

0.2 $ 

Ultimate 

Modulus 

Specimen 

Test 

Proportional 

Yield 

Tensile 

Elongation 

of 

No. 

Temperature 

(°F) 

Limit 

(Ksi) 

Strength 

(Ksi) 

Strength 

(Ksi) 

<i) 

Elasticity 

487D 

RT 

88 

112 

174 

18 

6 

31  x  10  psi 

488D 

RT 

92 

Ilk 

172 

16 

32 

489D 

800 

83 

104 

155 

19 

29 

490D 

1000 

88 

104 

133 

22 

27 

491D 

1200 

85 

104 

150 

26 

26 

492D 

1400 

78 

102 

144 

20 

25 

493D 

1600 

66 

88 

112 

19 

22 

49  4D 

1800 

38 

45 

59 

21 

19 
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TABLE  VII 

SHORT-TIME  TENSILE  TEST  BESUI/TS 
ON  RENE'  1+1  ALLOY  SHEET  AT?  AN  INTERMEDIATE  STRAIN  RATE 


Thickness  =  0.050  in*  Machine  =  ETTM 

Heat  Treatment  =  Sol.  HT  1950°F  (l/2  hr)  Method  of  Heating  -  Resistance 

RAC  &  Aged  at  1^00°F  (l6  hrs)  AC  Heating  Rate  =  200°F/sec 

Heat  Number  =  TV353  (Haynes)  Strain  Rate  =  0.001  in. /in. /sec  to  YS 

0.01  in. /in ./sec  to  Rupture 
Gage  Length  =  2*0  in. 


Specimen 

No. 


Modulus 

of 

Elasticity 


29.5  x  10  psi 
30.0 

30.5 


UNCLASSIFIED 
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TABLE  VIII 

SHORT-TIME  TENSILE  TEST  RESULTS 
ON  RENE'  111  ALLOY  SHEET  AT  AN  INTERMEDIATE  STRAIN  RATE 


Thickness  =  0.010  in. 

Heat  Treatment=  2150°F  (l/2  hr)  AC  + 
1650 °F  (4  hrs) 

Heat  Number  =  TVT07  (HayneB) 


Machine  =  ETTM 

Method  of  Heating  =  Resistance 
Heating  Rate  =  200°F/sec 

Hold  Time  -  5  min 

Strain  Rate  =  0.001  in./in./6ec  to  Yield 

0.001  in. /in. /sec  to  Rupturej 
Gage  Length  =  2.0  in. 


Specimen 

No. 

Test 

Temperature 

(°F) 

Proportional 

Limit 

(Ksi) 

0.2 % 
Yield 
Strength 
(Ksi) 

Ultimate 

Tensile 

Strength 

(Ksi) 

Elongation 

») 

Modulus 

of 

Elasticity 

196E 

RT 

67.0 

86.5 

9 

30.4  x  10^  pel 

197E 

RT 

69.O 

88.7 

■'..7  7 

9 

30.4 

XI 

RT 

67.0 

86.4 

8 

29.4 

X2 

RT 

T2.0 

87.0 

1 

■ 

7 

29.8 

198E 

800 

64.0 

80.0 

112.0 

12 

27.0 

199E 

800 

62.0 

81.8 

119.0 

13 

26.2 

200E 

1000 

61.0 

79-9 

109.0 

11 

26.5 

20  IE 

1000 

60.0 

78.5 

108.0 

11 

26.0 

202E 

1200 

56.0 

76.0 

104.0 

10 

23.0 

203E 

1200 

51.0 

77-1 

106.0 

10 

24.0 

204E 

1400 

52.0 

77-0 

103.9 

7 

22.0 

205E 

1400 

54.0 

79-0 

107.0 

6 

23.1 

206E 

1600 

44.0 

71.0 

85.O 

8 

22.5 

207E 

1600 

45.5 

72.0 

86.6 

8 

21.4 

228E 

1800 

18.5 

30.2 

38.3 

12 

17-7 

208E 

1800 

25.5 

36.5 

43.0 

13 

17.0 

X3 

1800 

24.0 

33.1 

41.0 

9.5 

16.3 

X4 

1800 

25.0 

32.0 

38.1 

9.5 

16.3 

210E 

2000 

7.5 

8.5 

14.3 

20 

12.2 

211E 

2000 

7-2 

8.7 

14.2 

18 

11.9 

UNCLASSIFIED' 


11 
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TABLE  IX 


SHORT-TIME  TENSILE  TEST  RESULTS 
ON  RENE'  41  ALLOY  SHEET  AT  A  FAST  STRAIN  RATE 


Thickness  =  O.O5O  in.  Machine  =■  ETTM 

Heat  Treatment  =  1975 °F  (l/a  hr)  RAC  +  Method  of  Heating  =  Resistance 

l400°F  (l6  hrs)  Heating  Rate  =  200°F/sec 

Heat  Number  =  TV 5 55  (Haynes)  Hold  Time  =  5  min 

Strain  Rate  =  0.1  in. /in. /sec  from  Start 
to  Rupture 


Gage 

Length 

=  2.0  in. 

0.2 i 

• 

Modulus 

Spec imen 

Test 

Proportional 

Yield 

Tensile 

Elongation 

of 

No. 

Temperature 

(°F) 

Limit 
(Ksi)  _ 

Strength 

(Ksi) 

Strength 

(Ksi) 

__  (£1 . 

Elasticity 

947A 

RT 

120.0 

158.0 

190.0  . 

15 

6 

29.O  x  10  psi 

948a 

RT 

110.0 

148.0 

179.0 

15 

30.0 

949A 

RT 

113.0 

156.0 

183.0 

16 

30.0 

967A 

800 

102.0 

131.0 

166.0 

21 

24.0 

966A 

800 

100.0 

130.0 

166.0 

24 

23.0 

965A 

1200 

98.0 

123.0 

156.0 

20 

22.0 

968A 

1200 

99-0 

127.0 

158.0 

17 

21.0 

969A 

1200 

98.O 

126.0 

158.0 

18 

22.0 

973 A 

1600 

90.0 

103.0 

120.0 

12 

16.0 

974A 

1600 

84.0 

101.0 

ll6.0 

14 

17-5 

975A 

1600 

96.0 

110.0 

124.0 

14 

16.0 

976A 

1800 

54.0 

65.O 

75-0 

1 

22 

12.0 

977A 

1800 

49.O 

60.0 

77.0 

20 

10.0 

978A 

2000 

20.0 

23.5 

24.5 

27 

7-5 

979-4 

2000 

19.0 

23.0 

25.0 

46 

9-5 

98OA 

_ 1 

2000 

20.0 

25.O 

26.5 

74 

8.0 

~r* 

UNCLASSIFIED 

X^iamuardt 
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COMPARISON  OF  AVERAGE  TENSILE  PROPERTIES  FOR  RENE'  41  ALLOY  SHEET 
SOLUTION  HEAT  TREATED  AT  1950°F  AND  AGED  AT  1400 °F  FOR  16  HOURS 


Test 

0.2#  Yield 

Strength 

Ultimate  Strength 

Elongation 

Temperature 

0.01  in. /in. /sec 

in  2.0  in. 

RT 

150.0  Ksi 

150.0  Ksi 

184.0  Ksi 

6.5# 

1000 °F 

129.0 

129.0 

165.0 

8.7 

1200 

126.0 

126.0 

164.0 

8 

1400 

108.0 

122.0 

158.0 

6 

1600 

55-0 

92.0 

110.0 

5 

NOTE: 

Sheet  =  0.05C  in.  thick,  (Heat  TV353) 


l600°F  TENSILE  CREEP-RUPTURE  DATA  FOR  RENE  4l*  ALLOY  SHEET 
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987A  30  0.10  90  78O  —  —  --  --  0.22  900+  7.0  100.5 

988A  30  0.10  82  935  --  --  --  —  0.19  i  900+  6.5  100.5 

989A  30  0.10  55  960  —  —  —  —  0.19  900+  6.5  104.0 
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